Pups were identified by toe clipping or tattooing the plantar surface of the paws on day 4 after delivery. Their growth, maturation, and reproductive capability were not affected by either identification method. In the toe clipping group, however, the duration until fall in the suspension test was significantly shortened, indicating that this identification method may not be suitable for some behavioural tests. The clipping also disturbs the skeletal investigation of toes and is not recommended from the view point of animal welfare. Palm tattooing, on the other hand, satisfies the fundamental requirements for long-term identification of rats.
developed until now do not completely satisfy four fundamental principles, namely to be simple, easy to apply, not harmful to the animals and readable during life-span. From these points of view, we investigated the usefulness of tattooing the palm of paws for the identification of newborn rats.
Materials and methods
Three hundred and thirteen newborn Sprague-Dawley rats from 26 litters were used for this study. The SD-JCL-rats are bred in our closed colony using the HAN-rotation system (Rapp, 1972) and housed under controlled environmental conditions of temperature (22 ± 1°C), humidity (60±5OJo) and light (30 lux, 12: 12h=light: dark) . Standardized pelleted dry diet CE-2 (Clea Japan Inc., Osaka) and city tap water were available ad libitum.
The day of birth was counted as day O. On day 1, the litters were examined for litter size, stillbirths and live births. On day 4, each litter was reduced to 8 pups of average body weight within each litter (4 males and 4 females, when possible) and randomly assigned to control or identification groups.
Toe clipping
The first joint of a forelimb toe was cut off by postmortem scissors. Scissors and toe stump were disinfected with aqueous 70% alcohol solution. The 2nd to 5th toes of right paw correspond to pups No.1 to 4, and those of the left paw to pups No.5 to 8.
Tattooing
India ink was subcutaneously injected into pup's palm ( Fig. 1) . A 2· 5 ml syringe with needle and consisted in putting each pup on its back on a cork plate. The performance was judged successful if the pup was able to right itself within 3 s.
Negative geotaxis
The test was performed on day 14. Pups were put head downwards on a plastic slope of 45 degree (30 X 40 cm, modified according to Butcher et al., 1980) . The performance was judged successful if within 30 s the pup was able to turn around and climb up the slope. At the end of the 21-day lactation period, two male and two female weanlings from each litter were selected for breeding. They were identified by ear tattooing (Honma et al., 1986; Klimisch, 1986 ) and observed weekly until week 14, when their reproductive capability was studied by obtaining F2 fetuses. 
Suspension test
The test was performed on day 14. Pups were suspended with forelimbs on a steel wire (2 mm in diameter), modified according to Butcher et al., 1980) . The time until the rat fell down was recorded (seconds).
Swimming ability
The test was performed with weanlings on day 21. The test consists of putting each pup in a water filled aquarium (42 x 120 x 28 cm, Schapiro et al., 1970) . The performance was judged by the position of nose, body angle in relation to water surface, swimming velocity and coordination of movements.
Rota-rod treadmill
At 28 days old the rats were put on a rotating rod (9 cm in diameter, about 5 rpm) and the time taken for the rats to fall down was automatically measured during a 2 min period.
Maturation
When the males were 28 days old they were examined to confirm that their testes had descended into the scrotum. Females were examined on day 42 to confirm opening of the vagina. 
Growth, function, maturation and behaviour of offspring Erection of pinnae and opening of eyelids
On days 4, 5, 6 and 7, erection of pinnae, and on days 14,15,16 and 17 of age, opening of eyelids were registered individually in each litter.
Righting reflex
The test was done on day 7
Statistical analysis
The litter was used as an experimental unit. Scheffe's test was applied to the parameters recorded (Scheffe, 1959) .
Results
The toe clipping method was easy to perform and took just 1 min for one litter of 8 pups, while although the technique of tattooing the palm was Identification of newborn rats by tattooing The viability of pups compared well between the three groups (Table 1 ). In tests on growth and maturation, both groups did not differ, except for the suspension test in which the duration until fall was significantly shortened in the toe clipping group. The maturation of swimming ability was slightly but not significantly delayed in this group. The performance on rota-rod treadmill, the time of descent of testes and opening of vagina compared well between groups and sexes ( Table 2 ). The body weight development to week 11 was in good agreement throughout the groups. In the reproductive capability test, most females were inseminated and their reproductive parameters compared well between the groups (Table 3 ).
Discussion
Neither palm tattooing nor toe clipping of pups affected their growth, maturation, and reproductive capability.
In the toe clipping group, however, the duration until fall in the suspension test was significantly shortened indicating that this identification method reduced the grip strength and, therefore, may be not suitable for some behavioural tests. The toe clipping also disturbs the skeletal examination of toes. Furthermore, toe clipping cannot be recommended from the viewpoint of the protection of our experimental animals.
On the other hand, palm tattooing of newborns fully satisfies the 4 basic demands mentioned by way of introduction. Palm tattooing has been also suitable for marking a pigmented strain, as done in our small additional study on C57BL mice. The size of the injection needle used, namely 2IG seems to be rather large. However, pilot studies have shown that a thinner needle includes the risk of penetrating and injecting too deeply. Palm tattooing minimizes the number of feet that need to be marked to provide identification for 10 individuals.
Based on these results, it can be concluded that tattooing the palm of paws is a suitable technique in all studies which require an unique and permanent identification for newborn rat pups.
